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(54) BIOCHEMICAL MEASURING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To enable measurement of the 
concentration of light absorbing substances such as in-blood 
glucose in living organisms by splitting into two the light beam 
emitted from an optical fiber with a beam slitter, detecting one light 
beam with a first light sensor, the other with a second light sensor, 
and taking the ratio between the two detected outputs, thereby 
increasing the measurement accuracy of light reduction rate. 
SOLUTION: A light beam from a semiconductor laser light source 2 
for optical communication is introduced directly into an optical fiber 
3, converted into a parallel light flux traveling through the air by a 
lens, passed through a half-wavelength plate 5 and a polarizing plate 
6 to make the polarization plane constant and split with a beam 
splitter 7 into a reflected beam and a transmitted beam. The 
polarization plane is set with the wavelength plate 5 to maximize 
reflected beam. The reflected beam is directly detected with a first 
light sensor 9 while the transmitted beam is made to irradiate a 
sample 8, and the beam passing through the sample is detected with 
a second light sensor 10. The ratio of output current from the 
second light sensor 10 is measured with a computer 13. 
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[4$?Ff£#0>«SH] 

[»*Sl] #«*»W^£irfc*«:»WfcJSI*U ± 

iiLfc3te£r2 ftSiin^jfe-fS^St * ±E2}fe3S£>— 
*rJ:Elt»K:KMrt-5*«i:, ±E 2ft;£<z>ftti(D-;<j£ 

[ft#«2] 3t«3l»6*atS"*vfc3t*r±#fcfiU*b, ± 

V*t\ tt>— fi©±IE3t«©3t**A-rS3t7T 

-#fc±E£#fcJS*fi-5#IB:i:» _hE 2 3tJlI0>«l0>- 
fl:¥tl-«9SB. 

S&SrSil, ffimLfcft£^fflLT±E±{$roi)fi3ta&# 

±E2 3t*©-#fc±K£#U:J!tl»^5^®i:, ± 

±E2 3fe3lt«5t5— JtrtlMftfta-f-SJIS-©**^ 
f-ir, ±E^X<b±E<Ift^£±Et*— AX^y 
ir, iE^flsrojaJESraJSi-StaS-feV**:, ±E3tir 

v-y- 1 ±mmmm&i * s m « ft ibs & a je-t s #a 

Efiftt-^Xy y *<7^:gJi^t£SW3te©ffi#^-2^L 
TSiETfc5a>*Jtrt^^feE;4 s ±E^Ift^— -k*^ y 
? <»W&% b K»3t t?« b *t<5 spffiJbK: fc 5 <fc 5 K±E 

7 0 0 nmi>P)iS(|2 5 0 0 nm©i5Milriii*t5 



[If*^5] 2£/cfi3{c!Ettro_hE5t2g<£> 
4>fc< it — 1 0 0 0 nm*^SS 1 8 0 0 n 
mtfX £?£L< fiiSSl 5 5 0 nm^ib 1 7 5 0 nm<D 

[ft 6 ] «*«2*fctt3K:E*W>fcr-A;*:ry 5/ 

*> 3 v r < *iiifi#K:3te-fc vy-£tm S^k^thSiJS 
Bo 

«-flBJWU ±E5S<03t&Jltl*tLfcffitOK*|-«<&*ffi 

3*&#etr2#:<D;&i:, if o(3fc"tt@^$H 
fc, 2ftro&(coV^Tfc:b-y:T'>ft< ir 

[«BO»»4K«] 
[0 0 0 1] 

[0 0 0 2] 

-|4 7/7t, 1 9 9 3% 18 7 51^^8 8 1 
H (Applied Spectroscopy, Vol. 47, No. 7, pp. 875 — 
881 ) lcE«£*vCi^5„ *a^-Ctt^7T'T^<73^^ 
^ - 7 1 ^. $ ttfci5*^7t^B ^ ffl $J5£ 

ISl^lciWSE»*#©JfiL«f <t 5 

^»*©JB95fefltSrti:»-«|J^*/hi» (PLS) 

[0 0 0 3] 

if^^ h/v£3fcit>ft< tt^a- ^IcH^coRiR 

n i: K j; f 9 V</w h • /K^feSUtc J; "9 
/-?t7-P s £Sii?fcW3tSP t Srfflv^T, mi£*$tx. 

So 

[0 0 0 4] 

(til 

A = log(^/P.) • • • (ftl) 

[0005] WL%&Ab^m< 3 P<r>i&%m'g.fem.c bK? 
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(cttPi i:P t ^|^l^F(-SiJ^-f-sr i(4T-#^l/\ 

/h£V\, tfij^fi. 3tS§S 1 OmraWir/W^/l^-^Tkjg 

T'foo 1 5 8 0 nm(A;3it;%fiS,l7LT"P t &MfkLtct 

Pi d5^{c-^fci LfcB#ro^/U3-^SS5 0 
mg/dl©^k^*f^t--5P t «5^btt*?-f*»0. 2% -C 
L*»/iVs P t *r©t>00(£>jgfe#*£itf>0. 2% + 

/I = log( /, / 1 2 ) + log( R J T) + Const. 



Wkfr bMttiZ Ktzftn—U* f - A;* 7* y y 9 ft if T? Z. 

*«& u t , «-s§«£ t #§*asro it * & s« 

fig, </^b^S2ft£roKiR8y^&te/S1-5r 

[0 0 0 6] 
[ffc2] 
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[0 0 0 7] R, Titttl^tl*?— J**-7V vZtofttt 

mtmi&mx&z, t/t^m^mm^m^ ±i**u*, r 

/TODSWlfiO. 0 1% m^trjf $^e>tL-5^b, C© 

[0008] LA»L£#&*t«iiiHjicay5£Lj;5 t-f-s 
/< © m & £tt k m l -c ±# \z % * m a l t v * 5 = 

[0 0 0 9] t£*&#rC*ii2&* 1 . 1 nmfrb 1.8«m 
<T>mm \z *3 ft 5 3fi*^$£fi5t* * ^ * h Sr L fc 0 

t?fc S ti^ 9 fc * it $. &**36 (p 7 t- W 
[0 0 10] *»M»43t7T-f^S:3pJfflLfc«3tS»J2E 



-Cii5*t^ ^om«H4 K VMfn. «p ^ => - x m<v±ft <P \c 
[0 0 11] 

[0 0 12] 

m^m 1 tc^-To 0 1 t\ 1 ttmin, 2 fi^ s 3 

77^^ 4f*w-^X. 5f*)8[*4Sx 6««3t4S, 7« 
tf-A^yyj'^, 8{±ii;5|sk 9, 1 OfiTt-feV"^, 1 
1, 12f*mifftft\ 13tt=yfa-^ 14«f£fiir 
Vf-. 1 5IJf??-7, 1 6kfcffl.*WW^Bt?fe5. 

l|Xt"-^C0-O-rfoSR^:l 5 8 0 nm©2p*fejt*fcb 

[0 0 13] JtJB[2S:fflfc3ttt7t7T'f^3»cE»3|A 
Six, u>X4-CffiM«pSre*i-*atff7t*C«»* 

.»tt^ti5„ Ste^P^*6-T5±:&«&ft^5(c:J;oTS 

*roaia7t*s|B—(Z)7t-fe 9 T?ttttJ*HS. % 
± ^f- 9 , 10 1 5 8 0 n mT*»3t^ 0.94 

A/W ©InGaAs^^- hV^^r— K"C4)5„ ia*-fe>-* 
1 4(i?W<OifiSSrElS7t*K)1h— 5^^T\ 1 5~4 
OlroiHIfl OmKgiJ^T-lfifet-^^ttwRjE^^ 
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S£2 5±0. 0 2°C »CfH« LTV^So Jfe-feV* 8 , 9 

offl^m^^^n-etLm^i+i i, i2-e$ij^£tu ^ 

^h 0 ^-* 1 3tem«£ff 1 1, 1 2(©ffliJ*ffl[S:ffi0 5iA/ 

Jtlogdi/I 2 ) «:«BEt5 Q 

[0 0 14] ^^T*{life^^ = -^SS^SS 
MSS:B«t Ufcfc6^3-^©!ftft»*-Cfc5 1 5 
8 0 nm<&3fe««rteJBLfcas, te<£>/&£\ Wx.Hf, TA- 

tf, fc J H'< #«ft»J£S:»«t 5 w t 5, fcL 

[0 0 15] {H3t«6«>*3tJtH:*^"Ct44v^^e>, ffi 

«t*fcork tr— y $ <d (R»*/aiifl 

*) O^Ib^O.0 1% fcff Si± 5 t"t*5»-&Jctt«l 

[0 0 16] BI2tc:aia3t»i:SM3tSS"r«e)tLS 5 Pffi 
SI*) OBBffiSr*-r o :^«/W9 0SM8 0St 

5 fc*6 c *|Bfc«T«t«*S6Sr, 

[0 0 17] *liffiffJtc*5^S«3t«(^8b*SrW^<Sfc 
LTfrofclog ( I x / 1 2 ) <D$Jj;£co 
&A&B3 iB4l:*t 0 ffiiK0>ftJKtt»i»-C#S0> 

3 ttflJtS 6 S:R 5 ^ LTffo t iWSWjB*-Cfc 0 , 7 
r >f 3 <Mr>irfr*£ ^tuc i o T <H3tffi36 s *» L , (S 
tfSEBiLfcfcft, logdx/Ia) <7>*3» 
^#<»LTl/^ 0 B4tt5cii9«*K6«:fc9tttt 
Tflofc»j36<oj|S*-c?fc5o H3i:*Lfc»£«)t*i: 



log (Ij/Iz) ©«4K4:A>if«iliL-CV^V\ ¥JS 

Omg/dl(O^k&^m^ti^ffia^^0ijtcJ:oT^ 

[0018] R*P««0^ =— ^7k*«Sr«» i LT 
***«^«t Slogd I 2 ) <&iWft*tTort:*S*«:B 
5{C^-T 0 logdj/Iz) t^V^-^Sgc (mg/d 
1) ttfto*3©J:5*«il»fi9H««r«por. *#*>a>o 

[0 0 19] 
[«3] 

k>&hlh) = L4 xl<T 5 c+ 3.8986 •••'(* 3) 
[0 0 2 0] HS^WSiaitEJlftSrlogdx/Ia) 0> 

fiOmg/dltDf*** (jffi*) (DjHkOaLSO^fe*^^ 
^ =i - ^ (7><ft ffl PS# tt 3 4 mg/dl fc & o fc e 
[0 0 2 1 ] *»W^*-(DH1|||«(Z>^d y*B*rH6 

SfHttX1t2 1 Srtt/HLfc. 
[0 0 2 2] JR-«>*at«4:n*|^ MJfefcHtt-rsi: 
#tt{B3teffi*J«»H2 ltc«toTR»*ds**i:45J; 

tftajstu aa*»4*2 2cwtsft, *^aa** 

fZiD*tytl OT'^ttl^^So :CT1ttft:2 2£ 

tz#)<Dy— ^X?X\ 3 5 — 4 0ScOf5fflr-l OmK^iJ 

3t«6 f fc'-^/yy^?, ^^^9(^^2 0^ 
H^S'ix, tt»2 6f4«2 3^cSf«$"i^TV^5o 

[0 0 2 3] Jt-fe^lM 0 ifiStyf 1 4J4S2 4iC 
@^^^XTV^^ 0 fi2 3tffi2 4"Ctft:2 2S:SA/Tl 
*U **2 2 K:^Sffi»«Htt11H««>— 
"T5 0 *ir>"9-9, lOOliJAkllKtytH^ 
(«timtlS2 5, 2 6, 2 7 4r^LTffff 3 2 P^ico 
SStce^^ix^o ®tS2 5, 2 6, 2 7t47t^r-r^< 
3 k k t^S«2 8CJ:oT l*<04r— ^SE»c*fa& 

7, 1 8T«flEflr»fc*Jft*ix5. m^is*it§ 
1 7 i 1 8 <Z>3E»y>f ^fi^rixW, Gl, G2T-fo 

[0 0 2 4] «SE*gtsSl 7(D&j3tea ^^^7^ 
1 9^>#flRAAKl, m^iS*I^l 8 0UAflt*ttfffA 
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HlogClj/12) + log(Gl/G2) K^Ll\, Gl, 
G 2 fif!E£n~C*#> <5 h > ay^i^iblog(G 1/G 2) £ 

sirtwr, logcii/ia) wfii^ftbns. 

•5 0 (f f i^aif 3 0 IJ b y -f >7 P>Jt©tt?r 
BE^.ioTlog(I,/I 2 ) mm2 Sxi-bir- 

ifiSSiE^^o-r^2 2ro?figTCC)^**b, Ctt 
h OMfem. khlbfrt fcfBii $ iittizm^ 2 

^3 1CS5o 111, 3t»2, flM£BMff3£1K2 
1, WMtgm&l 7, 18, d->MV7^19, ffi 
StU- 2 9 , fi'9«fflSl 3 0 , 3 1 teffiffc 3 

2 k:— *wi:3*vcv.5. 

[0 0 2 5] IH 7 tt*3t*«9©5»SE#«^Sr5:a©«F 

-Cfo5„ *fcB9»*:?3ii«*»#«:H2 05:s:s©J**>£ 
»fI^f)afci§(D|tfeli. 3 3, 3 4, 3 5(i^. 
-i-f-, 3 6, 3 7, 3 8Wtff;fcre#>-5o *E2 3 t 2 4 

«pi±«*attT*»omiiii*-^^o«« 

tLT3*<D^-t3 3, 3 4, 3 5 t 3 ^CDfi^a 3 

c - 7.1 x 10 4 xOog(/, / 1 2 )- 3.47) + L 

[0 0 2 8] HI OK:<t*#S:»*i:UT«ftffifWiftS: 
frofcufro, fgc4^v>jt*H16^I^J;5iL*SfltrojSi^ 

y >^a>j»* % SSto^fil 0£*s#K:S&jfa. 

$ ttfc ik ^ y/v => i: **«Sffil I- <t .5 »J&£**» 

fe*4fc±oTW»$ftfc^a-**«fc<oM-Cttfli 
BMMfctfO. 9 3 6 0 fc^5#ttKli*^*lH#?»S>*vt: 

[0 0 2 9] m— ©JOfc«"ett**m*E«'CfT 

[0 0 3 0] 

SfctftfcLTO.OOl WT0>£flS*8tHi»rtii: U 
[BErofB^fcTOHi] 

[mn ^m^m-^mmm^mmm^^i-y^ y 

9®, 



6, 3 7, 3 8 &{£ffl1-5„ ^~t3 6, 3 7, 3 8 
fi«B@©JaU*s«)f>ixT*Ji9, *S2 3KB8ttt>*ifc;fai: 
JfcfcjflJ/B LT 2 3 t 2 4 ©MPB&PJiWi r t 

^-f 3 3, 3 4, 3 5<D*R2 4a»kfRtffflfcgB#a> 

fc^fe?*"?, «2 3 t 2 4 -CSSISrSEtP. tfia3 6, 
3 7, 3 8 tc<fco-c UftrtSJ; 5KJ&2 3 i 2 

fcofcfcft. •fr-C@5£i-.54£i*£<£>|8]H5&3. 9ra 

[0 0 2 6] WJE»^(*:fr»*i: LT**J60!llc J:51o 
g(I,/I 2 ) . £fefl:aa«T©»lZ£t*JiiS:#5tt*Sfc 

(mg/dl) ro8'J/££#ifrle]fT 

v\ iogd,/i 2 ) , ±#i&mT*timm&i. cSrsw 

[0 0 2 7] 
[*4] 

xl0 2 x(T-36.5) • • • (ft 4) 

[HI 2] *%B^W^JIF!lT-ttfflLfct--A^7 0 y 

[0 3] *^B^ro^-co^^i|T-^, «3t*SrBH)» 
v.^^«it?=fTofclog ( I ,/ 1 2 ) waiJ^ro^*Sr^i- 
Wtt B. 

[ 11 4 ] *5SSS rof- © jafc«-T?WMr r* 0 Ifcv*fc 
««-CfTofclog (I,/I 2 ) roaUftro^*Sr^-M#14 

m, 

tin 5] *«iiDi- <DmMm\zxi>^^^— xfcmm 
me) ^m^m~<^mmm<Dmmm^^-r^o y 

9 B. 

til 7] *»K©SI=<DSIlfiffi|«>^#S£*«IJ«>#4KH. 

[118] *3SW©*^«)*!i6ffiHc*J»t53:«3K»SlJ©iE 
IS. 

[B9] *»M«)*-«>3ttfififiJtc*5tt5 5SiS*SlJ«>W 

Silo 

[010] ^jSMojR-wUltffil^iSJfiiJMirojS** 
[^#rotjiM] 

2-Jtag. 3--Jt^T-T-'- < > 5 
-ft*ttu 6-flB3t«, 7 -. tf— A^7 p y y^. 8-K 
3f4> 9, 10 -Jt-feV^ 11, 1 2--tt»ftft, 13- 
aVtfa-?, 1 4--taS-fe>-^, 1 5-m^9 — 7, 

1 6---?fissyw^a 0 
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